Mathematical Approach to Developing a Simulation Model of a Health Care System by Klementiev, A.A.
Mathematical Approach to 
Developing a Simulation Model 





Klementiev, A.A. (1976) Mathematical Approach to Developing a Simulation Model of a Health Care System. 
IIASA Research Memorandum. Copyright © August 1976 by the author(s). http://pure.iiasa.ac.at/619/ All rights 
reserved. Permission to make digital or hard copies of all or part of this work for personal or classroom use is 
granted without fee provided that copies are not made or distributed for profit or commercial advantage. All 
copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 
servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 
MATHEMATICAL APPROACH TO DEVELOPING A 
SIMULATION MODEL OF A HEALTH CARE SYSTEM 
A. Klement iev  
August 19 76 
Research Memoranda arc interim rcports or1 rcsearch being con- 
ducted by the International 1nstit~:tc for Applicd Systerns Analysis, 
a l ~ J  as such receivc only limitetl scientific review. Views or opin- 
ions contained herein do not ~lcccssarily rcprcsent those of the 




Persons  r e s p o n s i b l e  f o r  making manager ia l  d e c i s i o n s ,  on a  
n a t i o n a l  l e v e l ,  c o n c e r n i n g  h e a l t h  c a r e  sys tems f a c e  t h e  neces-  
s i t y  o f  making d e c i s i o n s  whose consequences--probably n e g a t i v e  
--would appear  o n l y  10-20  y e a r s  a f t e r  t h e  d e c i s i o n s  have been 
made. I t  i s  n o t  always p o s s i b l e  t o  e n v i s a g e  o r  t o  e v a l u a t e  
t h o s e  consequences i n  a  q u a n t i t a t i v e  way. T h e o r e t i c a l l y ,  h e a l t h  
c a r e  sys tem models and t h e  mode l l ing  F r o c e s s  i t s e l f  can  p r o v i d e  
h e a l t h  p l a n n e r s  w i t h  v a l u a b l e  i n f o r m a t i o n  and w i t h  new i d e a s  
f o ~  a  more p r o p e r  u n d e r s t a n d i n g  o f  t h e  s y s t e m ' s  b e h a v i o r  under  
t h e  a l t e r n a t i v e  p o l i c i e s  t e s t e d .  
A s i m u l a t i o n  approach t o  h e a l t h  c a r e  a c t i v i t i e s  i s  pre -  
s e n t e d  i n  t h i s  p a p e r .  Some d e f i n i t i o n s ,  g e n e r a l  s t r u c t u r e  and 
mathemat ica l  d e s c r i p t i o n s  a r e  g i v e n .  T h i s  p a p e r  c o n s t i t u t e s  a  
p a r t  o f  t h e  r e s e a r c h  work on h e a l t h  c a r e  sys tem a n a l y s i s ,  under-  
t a k e n  due t o  t h e  i n i t i a t i v e  and under t h e  gu idance  o f  P r d f e s s o r  
D . D .  Venedic tov ,  conducted by an  i n t e r n a t i o n a l  team a t  IIASA 
and by t h e  n a t i o n a l  group on h e a l t h  c a r e  mode l l ing  i n  t h e  USSR. 
T h i s  paper  i s  an i n t e r i m  r e p o r t  on t h e  s a i d  s u b j e c t .  

ABSTRACT 
This  paper  d e s c r i b e s  some needs and methods o f  h e a l t h  c a r e  
model l ing .  I t  c o n t a i n s  a  g e n e r a l  approach and t h e  f i r s t  v e r s i o n  
o f  a  mathemat ica l  d e s c r i p t i o n  of  t h e  p r o c e s s e s  w i t h i n  a  h e a l t h  
c a r e  system. D e f i n i t i o n s  o f  te rms used i n  t h e  paper  a r e  a l s o  
g i v e n .  Some mathemat ica l  t a s k s ,  s p e c i f i c  f o r  t h e  p r a c t i c e  o f  
h e a l t h  c a r e  management, a r e  s e t .  

Mathemat i ca l  A ~ ~ r o a c h  t o D e v e l o p i n s  a 
S i m u l a t i o n  Model o f  a  H e a l t h  C a r e  Sys tem 
The need  f o r  a  s y s t e m s  approach  i n  t h e  s t u d y  o f  such  a  
comprehens ive  dynamic o b j e c t  a s  t h e  h e a l t h  c a r e  s y s t e m  (HCS) 
h a s  o f t e n  been  w r l t t e n  a b o u t  [ I ] .  The p r e s e n t  p a p e r  i s  a  
deve lopment  o f  t h e  p o i n t  o f  view d e s c r i b e d  i n  a  ser ies  o f  works .  
Here, t h e  meaning of  a " h e a l t h  c a r e  s y s t e m  dynamic i m i t a t i o n  
model" (NSDIP~) ,  a s  w e l l  a s  i t s  s t r u c t u r e ,  d e f i n i t i o n  and  methods 
o f  deve lopmen t ,  a r e  d e s c r i b e d .  
THE GENERAL DIRECTION FOR THESE WORKS 
-- -- -- 
R e c e n t l y ,  a  s u b s t a n t i a l  i n c r e a s e  i n  t h e  p o p u l a t i o n ' s  demand 
f o r  q u a l i f i e d  med ica l  c a r e  h a s  been  n o t e d  [ I  , 2 , 3 , 5 ] .  T % i s  t e n -  
dency h a s  been  c o n n e c t e d  w i t h  an  i n c r e a s e  i n  l i v i n g  s t a n d a r d s ,  
e n v i r o n m e n t a l  p o l l u t i o n ,  u r b a n i z a t i o n  and  o t h e r  f a c t o r s .  An 
i n c r e a s e  i n  t h e  denand f o r  m e d i c a l  s e r v i c e s  h a s  p l a c e d  new de- 
mands on t h e  u s e  o f  MCS r e s o u r c e s .  T h e r e f o r e ,  t h e  t a s k  p r e s e n t s  
i t s e l f  t o  s o  o r y a n i z e  a p o p u l a t i o n ' s  m e d i c a l  s e r v i c e s  a t  t h e  
l e v e l  o f  a  l a r g e  r e g i o n  ( f o r  example ,  a  c o u n t r y - w i d e  r e g i o n )  s o  
t h a t  t h e  m e d i c a l  n e e d s  o f  t h e  p o p u l a t i o n  o f  t h a t  r e g i o n  may b e  
b e s t  s a t i s f i e d .  
The s p e c i f i c  f e a t u r e  o f  HCS rr-anagement i s  t h a t  t h e  con- 
s e q u e n c e s  o f  m a n a g e r i a l  a c t i o n s  m i g h t  a p p e a r  10-15 y e a r s  a f t e r  
a  c o r r e s p o n d i n g  d e c i s i o n  h a s  been  made. A p r e s e n t - d a y  manager 
i s  u n a b l e  t o  f o r e s e e  a n d ,  a t  t i m e s ,  t o  e s t i m a t e  a l l  p o s s i b l e  
consequences  b e c a u s e  o f  t h e  c ~ ~ p l e x i t y  o f  t h e  o b j e c t  i t s e l f ,  
t h e  dependency o f  t h e  o b j e c t ' s  b e h a v i o r  o n  t h e  e n v i r o n m e n t ,  e t c .  
Under t h e s e  c o n d i t i o n s  it h a s  o f t e n  p roved  d i f f i c u l t  t o  r e a c h  
t h e  b e s t  (or even  a  m e r e l y  a c c e p t a b l e )  d e c i s i o n .  I m i t a t i o n  o f  
t h e  deve lopment  o f  a n  a c t u 3 l  h e a l t h  c a r e  s y s t e m  by rr.eans o f  a  
model a l l o w s  one  t o  e s t a b l i s h  ( i n  g e n e r a l  o u t l i n e )  t h e  t e n d e n c y  
f o r  t h i s  s y s t e m ' s  deve lopment  a s  a  f u n c t i o n  o f :  
- a c c e p t a b l e  management p o l i c i e s ;  and  
- p o s s i b l e  b e h a v i o r  o f  t h e  o u t e r  s u b s y s t e m s .  
By s t u d y i n g  t h e  m o d e l ' s  b e h a v i o r ,  a  b a s i s  i s  p r o v i d e d  f o r  nana-  
g e r i a l  d e c i s i o n  making.  
I n  t h e  p r e s e n t  work ,  t h e  deve lopment  o f  HCS i s  u n d e r s t o o d  
as f o l l o w s :  
1 .  Changes i n  t h e  g e n e r a l  volume and  p r o p o r t i o n s  o f  HCS 
r e s o u r c e s  ( l a b o r  r e s o u r c e s  i n  p a r t i c u l a r )  due  t o  c h a n g e s  
i n  t h e  s i z e  o f  z o p u l a t i o n ,  i n  t h e  s t r u c t u r e  o f  d i s e a s e  
 r re valence, i n  n e t h ~ d s  f o r  d i s e a s e  p r e v e n t i o n  a n d  t r e a t -  
m e n t ,  a n d  s o  o n .  
2 .  Change of t h e  n o r m a t i v e  b a s e  d u e  t o  p r o g r e s s  i n  m e d i c a l  
s c i e n c e  w h i c h  i n f l u e n c e s  m e t h o d s  o f  t r e a t m e n t  a n d  p r e -  
v e n t i o n .  
3 .  An i n c r e d s e  i n  t h e  r o l e  o f  p r e v e n t i v e  care a c t i v i t i e s  
a s  a  p a r t  o f  t h e  g e n e r a l  FICS a c t i v i t y .  
S y n t h e s i s  o f  t h e  HSDIM p r e s u p p o s e s  t h e  c r e a t i o n  o f  a mathe-  
m a t i c a l  model  f o r  t h e  a b o v e - m e n t i o n e d  t h r e e  i n t e r c o n n e c t e d  a s p e c t s  
o f  d e v e l o p m e n t ,  e l a b o r a t i o n  o f  a  s e t  o f  p r o g r a m s  f o r  t h i s  model  
a n d  a l s o  a p r o c e d u r e  f o r  t h e  i n t e r a c t i o n  o f  a  d e c i s i o n  maker  ( D M )  
w i t h  HSDIM uni :er  a d i a 1 o q i c : a l  r e g i m e .  
SONE DEFINITIONS 
L e t  u s  c o n s i d e r  a s p e c i f i c  d i s e a s e  a n d  i n t r o d u c e  t h e  f o l -  
l o w i n g  d e f  .;.r,.t ions : 
The number o f  o c c u r r e r l c e s  o f  a  d i s e a s e  p e r  1 , 0 0 0  p e r s o n s  
f o r  o n e  c a l e n d a r  y e a r  i s  c a l l e d  t h e  m o r b i d i t y  - r a t e  o f  t h e  
d i s e a s e .  
The t o t a l  rluxrber of  p a t i e n t s  w i t h  t h i s  d i s e a s e  a t  a n y  
g i v e n  moment i s  c a l l e d  t h e  p r e v a l e n c e  o f  t h e  d i s e a s e  f o r  t h a t  
moment. Not a l l  s i c k  per-sons u t i l i z e  m e d i c a l  s e r v i c e s  immedi- 
a t e l y  a f t e r  t h e  f i r s t  c??eArance  o f  a  d i s e a s e .  T h e r e f o r e ,  o n l y  
a p o r t i o n  o f  a l l  s i c k  p e r s o n s  i s  w i t h i n  t h e  s p h e r e  o f  t h e  h e a l t h  
care s y s t e m .  T h i s  p o r t i s n  c o n s t i t u t e s  t h e  r e g i s t e r e d  p r e v a l e n c e  
o f  t h e  d i s e a s e .  The r e n a i n i n g  p o r t i o n  o f  s i c k  i n d F v i d u a l s  con-  
s t i t u t e s  t h e  - u n r e a i s t e r e d  - - o r  .- l a t e n t  p r e v a l e n c e  o f  t h e  d i s e a s e .  
I n  d e v e l o p i n g  t h e  HSDIM, t h r e e  d i f f e r e n t  v e r s i o n s ,  c o r -  
r e s p o n d i n g  t o  t h r e e  e s s e n t i a l l y  d i f f e r e n t  t y p e s  o f  d i s e a s e ,  
h a v e  b e e n  e l a b o r a t e d .  
Type I Diseases are  c h a r a c t e r i z e d  by  a  weak ,  o f t e n  u n n o t i c e d  
o n s e t y r  t h e  d i s e a s e  a n d  a  l o n g  d e v e l o p m e n t  t i m e  w h i c h  e x h i b i t s  
t h e  f o l l o w i n g  c h a r a c t e r i s t i c  p h a s e s :  
P h a s e  A: t h e  p a t i e n t  i s  c a p a b l e  o f  w o r k i n g .  The s i g n s  of 
------- 
t h e  d i s e a s e  may n o t  b e  n o t i c e d  s u b j e c t i v e l y .  
T h i s  i s  t h e  i n i t i a l  73eriod o f  t h e  d i s e a s e .  Treat-  
ment  d u r i n g  t h i s  p h a s e  may b e  e f f e c t i v e ,  i . e .  l e a d  
t o  recove?:y.  
P h a s e  ------- B:  t h a  p a t i c n t  l o s e s  h i s  a b i l i t y  t o  work e i t h e r  t e m -  
p o r a r i - l y  or  p a r t i a l l y .  The c o u r s e  o f  t h e  d i s e a s e  
i s  of a s t , ? a d y  n a t u r e .  T r e a t m e n t  d u r i n g  t h i s  
p h a s e  may h e  e f f e c t i v e ,  r e t u r n  i.r!q t h e  d i s e a s e  
t o  P h a s ~  Pt. 
Phase  ------- C :  t h e  p a t i e n t  h a s  a  f i x e d  i n a b i l i t y  t o  work. T h e r e  
a r e  i r r e v e r s i b l e  p a t h o l o g i c a l  changes  i n  t h e  
o rgan i sm.  
Alcoho l i sm and  c e r t a i n  m a l i g n a n t  tumors  may be  c o n s i d e r e d  a s  
examples  o f  a  Type I d i s e a s e .  
Type I1 Di.seases  i n c l u d e  t h o s e  a c u t e  i n f e c t i o u s  d i s e a s e s  
-- 
f o r  which v a c c i n a t i o z  i s  a v a i l a b l e .  Examples a r e  s m a l l p o x ,  
p o l i o m y e l i t i s ,  e t c .  
T y ~ e  I11 D i s e a s e s  -- a r e  c h a r a c t e r i z e d  by t h e  a b s e n c e  o r  i n -  
e f f e c t i v e n e s s  o f  e a r l y  d i a g n o s i s  and  t h e  i m p o s s i b i l i t y  o f  immuni- 
z a t i o n .  Examples i n c l u d e  a c c i d e n t s  and p o i s o n i n g .  
L e t  us d e t e r m i n e  t h e  main a s p e c t s  o f  HCS a c t i v i t y  t a k e n  
i n t c  a c c o u n t  by t h e  HSDIM. 
Trea tmen t  A c t i v i t y  i s  r e p r e s e n t e d  i n  t h e  HSDIM a s  t h e  i n t e r -  
a c t i o n  o f  r e q i s t e r e d  p a t i e n t s  w i t h  HCS r e s o u r c e s .  A s  a  r e s u l t  o f  
t h i s  i n t e r l c t i o n ,  t h e r e  i s  c o n s u ~ p t i o n  o f  c e r t a i n  r e s o u r c e s  and 
a  change  i n  t h e  dynamics o f  t h e  p r e v a l e n c e  o f  t h e  d i s e a s e .  
A c t i v i t i e s  o f  p r e v e n t i v e  med ic ine  a r e  r e p r e s e n t e d  i n  t h e  
HSDIM i n  two a s p e c t s :  
1 )  s c r e e n i n g  a.nd ~ r o c e s s i n q  t o  i d e n t i f y  and t r e a t  s i c k  
i n d i v i d u a l s  ; 
2 )  v a c c i n a t i o n  o f  t.he h e a l t h y  p o p u l a t i o n .  
I n  b o t h  c a s e s ,  s o n e  HCS r e s o u r c e  i s  consumed and t h e  s t r u c t u r e  
o f  t h e  p r e v a l e n c e  o f  t h e  d i s e a s e  i s  changed .  
The f o l l o w i n y  t -ypes o f  a d m i n i s t r a t i v e  a c t i v i t y  a r e  s t u d i e d  
i n  t h e  HDSIM: s t a f f i n g  p o l i c y ,  p o p u l a t i o n  s c r e e n i n g  p o l i c y ,  
p o l i c y  f o r  h e a l t h  s t a n d a r d s .  
S t a f f i n g  p o l i c y  d e s i g n a t e s  management d e c i s i o n  making a b o u t  
s i z e  and p r o p o r t i o n s  f o r  s t a f f i n g  r e s o u r c e s  ( d o c t o r s ) .  A t  t h e  
same t i m e ,  c o r r e s p o n d i n g  norms would a l l o w  one  t o  c a l c u l a t e ,  i f  
n e c e s s a r y ,  on t h e  b a s i s  o f  t h e  number o f  d o c t o r s  and  o t h e r  k i n d s  
o f  r e s o u r c e s  b e i n g  used  ( b e d s ,  n u r s e s ,  e t c ) .  
Choice  o f  a  r a t i o n a l  p o ~ ~ u l a t i o n  s c r e e n i n g  p o l i c y  i s  formu- 
l a t e d  l a r g e l y  on t h e  f o l l o w i n g  c o n s i d e r a t i o n s .  On t h e  one  hand ,  
i n c r e a s e  i n  t h e  number o f  f i r s t - t i m e  " l i g h t "  p a t i e n t s ,  i . e .  pa- 
t i e n t s  w i t h  t h e  i n i t i a l  s i g n s  o f  a  d i s e a s e .  S i n c e  t r e a t m e n t  o f  
" l i g h t "  p a t i e n t s  i s  more e f f e c t i v e * ,  t h e  HCS's t r e a t m e n t  a c t i v i -  
t i e s  become more e f f e c t i v e .  On t h e  o t h e r  hand ,  i n c r e a s e  i n  
s c r e e n i n g  l e a d s  t o  i n c r e a s e d  e x p e n d i t u r e s  i n  t h e  s c r e e n i n g  e f f o r t s  
- 
* 
L a t e r  w e  w i l l  d i s c u s s  c r i t e r i a  f o r  e f f e c t i v e n e s s .  Here, e f f e c -  
t i v e n e s s  n:ay i :n 11.nderstood a s  t h e  c o s t  o f  t r e a t m e n t .  
t h e m s e l v e s .  Th, ls  i n f o r m a t i o n  o f  a  r a t i o n a l  s c r e e n i n g  p o l i c y  
i n v o l v e s  a  c e r t a i n  compromise--a c h o i c e  o f  t h e  s c r e e n i n g  p r o -  
g r z m ' s  s c a l e  w h i l e  t a k i n g  i n t o  a c c o u n t  o t h e r ,  n o t  n e c e s s a r i l y  
f i n a n c i a l ,  c r i t e r i a .  
A p a l i c l r  f o r  h e a l t h  s t a n d a r d s  r e q u i r e s  r e g u l a r  u p d a t i n g  o f  
HCS s t a n d n r d s .  T k L i s  u p d a t i n g  i s  t o  e s t a b l i s h  r a t i o n a l  p r o p o r -  
t i o n s  be tween  v a r i o u s  k i n d s  o f  HCS r e s o u r c e s  o n  t h e  o n e  hand ,  
and  t h e  c h a n g i n g  s t r u c t u r e  o f  p o p u l a t i o n  h e a l t h  c a r e  r e q u i r e -  
ment:; on t h e  o t h e r .  T h i s  u p d a t i n g  a l s o  t a k e s  i n t o  a c c o u n t  
advances  i n  t h e  f i e l d  o f  m e d i c a l  s c i e n c e .  
The f o l l o w i n g  k i n d s  o f  r e s o u r c e s  a r e  t a k e n  i n t o  a c c o u n t  by 
t h e  HSDIPI: 
1 .  ' I 'echnicdl,  r e s o u r c e s  f o r  p r e v e n t i v e  c a r e ,  measured  by 
f i n a n c i a l  e x p e n d i t u r e s  f o r  t h e  p r e v e n t i v e  c a r e  capa-  
b i l i t y .  
2 .  Physician-manpower r e s o u r c e s  f o r  p r e v e n t i v e  care 
a c t i v i t i e s .  
3 .  Physician- tanp power r e s o u r c e s  f o r  o u t p a t i e n t  s e r v i c e s .  
4 .  Physi~cian-manpower r e s o u r c e s  f o r  h o s p i t a l s .  
Resources  2 ,  3 and 4 a r e  measured b o t h  a s  n a t u r a l  i n d i c a t o r s ,  
i . e .  t h e  n u ~ h e r  o f  p h y s i c i a n - d a y s  expended  i n  t h e  HCS f o r  a 
c o r r e s p o n c ~ i r ~ g  a c t i v i t y  ( p r e v e n t i v e  c a r e ,  o u t p a t i e n t  s e r v i c e ,  
h o s p i t a l i z a t i o n ) ,  and a s  c o s t  i n d i c a t o r s ,  i . e .  f i n a n c i a l  expen-  
d i t u r e s  on  a  c o r r e s p o n d i n g  a c t i v i t y .  
P:allL3qernent p o l i c y  i s  u n d e r s t o o d  h e r e  a s  s i m u l a t i o n  o f  ad- 
m i n i s t r a t i v e  a c t i v i t i e s  i n  t h e  DM-HSDIM d i a l o g u e .  
E f f e c t i v e n e s s  c r i t e r i a  o f  t h e  s e l e c t e d  management p o l i c y  
a r e  t h o s e  HCS deve lopmen t  i n d i c a t o r s  e s s e n t i a l  f o r  t h e  DM. I t  
i s  assumed t h a t  t h e  DP4 selects  a  manaqement p o l i c y  i n  o r d e r  t o  
l ' i m p r ~ ~ e ' l ,  i n some s e n s e ,  t h e s e  i n d i c a t o r s .  The l i s t  o f  c r i -  
t e r i a  i s  a s s i g n e d  by t h e  DM h i m s e l f .  
DESCRIPTION O F  THE MODEL 
I n  t h e  p r e s e n t  work,  a HSDIM v a r i a n t  i s  p r e s e n t e d  i n  which 
p r o c e s s e s  o f  t h e  r e a l  HCS, s p e c i f i c  a n l v  f o r  Type I d i s e a s e s ,  
a r e  s i m u l a t e d .  A g e n e r a l  s t r u c t u r a l  scheme o f  t h e  model i s  pre -  
s e n t e d  i n  F i g .  1 .  Such e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  ( 1 )  as 
l i v i n g  s t a n d a r d ,  e d u c a t i o n a l  l e v e l ,  c l i m a t e ,  food  q u a l i t y ,  e t c .  
i n f l u e n c e  b o t h  t h e  s ex -age  s t r u c t u r e  o f  t h e  p o p u l a t i o n  ( 2 ) ,  and  
t h e  i n c i d e n c e  o f  d i s e a s e  i n  t h e s e  s ex -age  g r o u p s  ( 3 ) .  I n  t u r n ,  
t h e  s e x - a g e  s t r u c t u r e  and  t h e  i n c i d e n c e  o f  d i s e a s e  d e t e r m i n e  
t h e  p r e v a l e n c e  o f  d i s e a s e  f o r  t h e  p o p u l a t i o n  ( 4 ) .  The l a t t e r  
a l s o  depends  on t h e  HCS's t r e a t m e n t / p r e v e n t i v e  c a r e  a c t i v i t i e s  
( 5 ) .  D i s e a s e  p r e v a l e r c e  i s  t r e a t e d  a s  demands o f  t h e  p o p u l a t i o n  
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Figure 1. 
on HCS t r c a t r ? e n t / " p r e v z n t i v e  c a r e  r e s o u r c e s .  O r g a n i z a t i o n  o f  
t h e s e  r e s o u r c e s  ( ~ r e a  t m e n t / p r e v e n t i v e  a c t i v i t i e s )  t a k e s  p l a c e  
a c c o r d i n g  t o  HCS norms. A s  a  res!llt o f  r e s o u r c e  consumpt ion ,  
t h e  d i s e a s e  p reva l - ence  s t r u c t u r e  c h a n g e s .  C h a r a c t e r i s t i c s  de- 
f i n i n g  t h e  q u a l i t y  o f  t r c a t m e n t * / p r e v e n t i v e  c a r e  a c t i v i t i e s  de- 
pend on t h e  l e v e l  r ~ f  m e d i c a l  s c i e n c e  ( 7 ) .  Such c h a r a c t e r i s t i c s  
o f  t h e  nlodel a r e  t i m e  and  c o s t  o f t r e a t m e i - i t  i n  a  c o r r e s p o n d i n g  
p h a s e ,  c o s t  o f  a  s i n g l e  s c r e e n i n g  e x a m i n a t i o n ,  e t c .  
A t  t h i s  l e v e l  o f  dev::lopment, t h e r e  i s  no s t u d y  i n  t h e  
model o f  HCS management p r o c e s s e s .  I f  one  wi shed  t o  s t u d y  HCS 
managepl,ent p r o c e s s e s ,  t h e n  t h e  model c o u l d  b e  used  i n  t h e  d i a -  
l o q u e :  ;3?4-model. Tn t h i s  c a s e ,  t h e  DM ( 8 )  d e t e r m i n e s  t h e  HCS 
deve lopment  g o a l  a n d  f o r m u l a t e s  c o r r e s p o n d i n g  demands on t h e  
e f f e c t i v e n e s s  c r ~ : - e r i a  ( 1 0 ) .  Nex t ,  h e  f o r m u l a t e s  some manage- 
ment p o l i c y ,  t 2 k l n g  g i v e n  r e s o u r c e  c o n s t r a i n t s  ( 9 )  i n t o  a c c o u n t ,  
and h e  may a l s o  .;ciqqest c e r t a i r ?  g e n e r a l  h y p o t h e s e s  a b o u t  t h e  
e n v i r o n n e n t a l  st.;te. T h i s  i n f o r m a t i o n  i s  t h e n  f o r m a l i z e d ,  
t a k i n g  i n t o  a c c f > x n t  t h e  p e c u l i a r i t i e s  o f  t h e  model .  The m o d e l ' s  
beha1:ior uncle .  d s s < ? n e d  c o n d i t i o n s  i s  p l a y e d  on  a  compu te r .  
F<esu;ts o f  t!?r.:c c ~ ) ~ ~ : , ~ t a t i o n s  a r e  g i v e n  t o  t h e  DM f o r  a n a l y s i s  
of t h e  quai: : o f  t h e  s e l e c t e d  management p o l i c y .  
L e t  u s  naw t u r n  t o  a  d e s c r i p t i o n  o f  t h e  f i r s t  v e r s i o n  o f  
t h e  model .  I t  i s  p r e s e n t e d  a s  a  f low-diagram i n  F i g .  2 .  Here 
t h e  e n t i r e  p o p u l a t i g n  j.s p r e s e n t e d  a s  t h r e e  g r o u p s ,  e a c h  o f  which 
i s  d i v i d e d  i n t o  s t r a t a  d c c o r d i n g  t o  s e x ,  a g e  and p h a s e  o f  d i s e a s e .  
I n  g r o u ; ~  NP i s  t h e  h e a l t h y  p o p u l a t i o n ;  i n  g r o u p  LD - l a t e n t  s i c k  
i n d i v i d u a i s ;  a n d  i n  cjroup HP - r e g i s t e r e d  p a t i e n t s ,  i . e .  t h o s e  
i n d i v i d u a l s  u t i l i z i n q  the r e s o u r c e s  o f  t h e  h e a l t h  c a r e  s y s t e m .  
Data  u p d a t e  f o r  t h e  str,?.tLi t a k e s  p l a c e  a t  e a c h  t i m e  s t e p ,  whose 
t i m e  i n t e r v a l  i s  ec-jual t o  one  month.  T h e  p o p u l a t i o n  dynamics  
w i t h i n  t h e  g r o u p s ,  and  a i s o  among s t r a t a ,  i s  r e p r e s e n t e d  by 
e q u a t i o n s  ( 1 ) - ( 3 ) " .  T r a n s i t i o n  from g r o u p  LD t o  g r o u p  RP i s  
c a r r i e d  o u t  d e p e n d i n g  on how c o r r e s p o n d i n g  h e z l t h  c a r e  r e s o u r c e s ,  
ADR ( 1 5 )  , bzcome a v a i l a b l e  ( z i t h e r  by b e i n g  f r e e  f rom e a r l i e r  
denands  o r  i n c r e a s e d  i n  number) and  i s  d e t e r m i n e d  by t h e  v a r i -  
a b l e  RLAP ( 1 8 ) .  Th? p a r t  o f  t h e  pop1~1c7t ion r e q u e s t i n g  m e d i c a l  
c a r e ,  AAS ( :  7 )  , i s  formed by t h e  number o f  s i c k  i n d i v i d u a l s  who 
a s k  f o r  t r e a t m e n t  on t h e i r  own, AT ( 7 ) ,  and  l a t e n t  s i c k  r e v e a l e d  
t h r o u q h  s c r e e n i n g ,  SD !9). The g e n e r a l  p r o d u c t i v i t y  o f  s c r e e n i n g  
( t h e  number o f  t h e  p o p u l a t i o n  from g r o u p s  LD and HP h a v i n g  under -  
gone s c r e e n i n g ,  p e r  u n i t  t i m e )  depends  on how w e l l  t h e  s c r e e n i n g  
s e r v i c e  i s  e q u i p p e d ,  ARS ( 2 1 ) ,  and  t h e  g e n e r a l  physician-manpower 
r e s o u r c e s  o f  t h i s  s e r v i c e ,  SDH ( 1 1 ) .  r the p r o p o r t i o n s  between 
t r e a t m e n t ,  TDH ( 1  2 )  , and  p r e v e n t i v e  c a r e  s e r v i . c e s ,  SDH ( 1  1 ) , f o r  
physician-manpower r e s o u r c e s  a r e  d e n o t e d  by t h e  v a r i a b l e  TSF, 
which i s  a s s i g n e d  by t h e  DM. P r o p o r t i o n s  between outpatj.:?nt. 
and  i n p a t i e n t  physician-manpower r e s o u r c e s  a r e  d e n o t e d  3 y  t h e  
v a r i a b l e  ATCH. Physician-manpower r e s o u r c e  c a p a c i t y  ( i n v o l v e d  
* 
Below i n  p a r e n t h e s e s  i s  i n d i c a t e d  t h e  number o f  t h e  e q u a t i o n  
which d e s c r i b e s  ?.he dynamics  o f  'ihe c o r r e s p o n d i n g  v a r i a b l e .  
The s y s t e m  o f  e q a a t i o n s  i s  g i v e n  i n  Appendix 2 .  

: t r e a t m e n t  a c t i v i t i e s  o n l y )  , a s  r e p r e s e n t e d  by  p h y s i c i a n  work 
load rior:ns, i s  g i v e n  by t h e  v a r i a b l e  ADR ( 1 5 )  . U n u t i l i z e d  t r e a t -  
;?en+ ~ " - ? ~ 0 i l r c < ~ 4  ... ( d u e  t o  u n u c i l i z e d .  p o r t i . o n s  o f  p h y s i c i a n  work 
j.r,ac:j ar:. ~ x - ~ r e s s e d  by REA ( 1 6 )  . I n  t h e  m o d e l ,  t i m e  d e l a y s  con-  
r:i::.:'i?d i \ ;~t: .h tlie t r a i r ! / i n g  o f  p h y s i c i a n s  (STD) , t h e  d e p a r t u r e  o f  
. . pP.yslzr:\:!s f r o m  t h e  FCS w i t h  t h e  c e s s a t i o n  o f  t h e i r  p r o f e s s i o n a l  
a c t l ~ ~ l t l c s ,  a n d  a l s o  d e l a y s  i n  d e l i v e r y  o f  t . e c h n i c a 1  r e s o u r c e s  
:o r  screc:niri;? o p e r a t i o n s  (RETR) ( 2 0 )  are t a k e n  i n t o  a c c o u n t .  
Cur re!-L-lr. a n d  t o t a l  ( f o r  t h e  i n t e r v a l  o f  t i m e  u n d e r  s t u d y )  IICS 
e x p e n d i t u r e s  a r ?  p r e s e n t e d  b y  t h e  f o l l o w i n g  v a r i a b l e s  : FEXRS, 
? 1:; 9 s , !. , 1.; D'TI-. - c u r r e n t ;  a n d  EXRS, EDSS, E D T S - - t o t a l .  
T n s t a n c e s  of  s ~ e c i f i c  t a s k - s e t t i n g  a n d  t h e  r e s u l t s  o b t a i n e d  
wi l l  be d i s c u s s ~ ? d  i n  s u b s e q u e n t  p u b l i c a t i o n s .  Here, f o r  t h e  
s l k ~  c ~ f  ~ l l ~ ~ s c r a t i o n ,  a n  e x a m p l e  o f  a p o s s i b l e  s i t u a t i o n  i s  
c j l v r n .  
1.ct tk.e cost  o f  t r e a t i n g  o n e  p a t i e n t  f o r  a u n i t  o f  t i m e  i n  
p h a s e  R o f  a ' i ' y ~ c  I d i s e a s e  b e  r e ~ r e s e n t e d  by  C A I  i n  p h a s e  B 
by DBr  and i n  p h a s e  C b y  C C '  L e t  u s  t a k e  [O,Tl  as  t h e  i n t e r v a l  
o f  t i m e  f o r  w h i c h  t h e  b e h a v i o r  o f  t h e  s y s t e m  i s  s t u d i e d .  I n  a  
: I n i t .  o f  t i m e  1) E [ ! l , ' I ' l ,  the h e a l t h  care s y s t e n  h a s  A p a t i e n t s  
d c ~ t r _ . c t ~ d  - ? ( I , ) ,  B p a t i - e n t s  - P B ( v )  a n d  C p a t i e n t s  ..- P C ( v ) .  
A 
'I1!;€ ccst  a f  t h e i r  s e r v i c i n q  p e r  u n i t  o f  t i m e  i s  e q u a l  t o  t h e  
f ! > l l ~ ) ~ j i  ~ ( 2 :  
a ( a ,  ) d e i l o t e s  t h e  s c a l a r  p r o d u c t  o f  t w o  v e c t o r s .  
' i oCa l  expenditures o f  t h e  h e h l t h  care s y s t e m  o n  t r e a t m e n t  
dul-i;lcj i h t ?  p e r i o d  [O;rj w i l l  b e  a s  f o l l o w s :  
With t h e  i n c r e a s e  i n  t h e  volume o f  p r e v e n t i v e  s c r e e n i n g ,  t h e r e  
i s  an  i n c r e a s e  i n  t h e  r e l a t e d  e x p e n d i t u r e s :  
where 
P: i s  t h e  number o f  t h e  p o p u l a t i o n  s u b j e c t  t o  p r e v e n t i v e  
s c r e e n i n g ;  and 
5 C' i s  t h e  c o s t  f o r  a p r e v e n t i v e  s c r e e n i n g  i n  a  u n i t  o f  t i m e .  
V 
However, w i t h  t h e  i n c r e a s e  i n  t h e  volume o f  p r e v e n t i v e  
s c r e e n i n g ,  t h e r e  must a l s o  b e  an i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  
d e t e c t e d  p a t i e n t s  t o  t h e  o v e r a l l  number o f  p a t i e n t s .  I f  w e  a r e  
t o  d e t e r m i n e  D < CB < C C ,  it may happen t h a t  an  i n c r e a s e  i n  A T  ST i n  a  c e r t a i n  i n t e r v a l  o f  t i m e  1ead.s t o  a  d e c r e a s e  i n  S 1 .  
T Moreover,  it may happen t h a t  w i t h  an i n c r e a s e  o f  Sn t h e r e  i s  a  
d r o p  i n  t h e  t o t a l  amount o f  e x p e n d i t u r e s  on t r e a t m e n t  and prc?- 
T T  
v e n t i o n  S  = S ,  + ST. 
The t a s k  i s  t o  d e t e r m i n e ,  t a k i n g  C A' C B ,  C C ,  C a s  c o n c r e t e  
v a l u e s  and  p r e s u p p o s i n g  c e r t a i n  t a c t i c s  f o r  p r e v e n t i v e  s c r e e n i n g :  
T  T* 
- a t  what  v a l u e  o f  S 2  = S ,  t h e  o v e r a l l  e x p e n d i t u r e s  S  T  
'- 
p r o v e  minimal ;  
- what i s  t h e  i n f  l u e n c e  o f  sT on o t h e r  i n d i c e s  o f  t h e  e f -  2 I 
f i c a c y  o f  a c t i v i t y  o f  a  h e a l t h  c a r e  s y s t e m ,  f o r  example ,  
on t h o s e  r e l a t i n g  t o  g e n e r a l  m o r t a l i t y ,  t h e  p r o p o r t i o n  
o f  r e c o v e r i e s ,  g e n e r a l  m o r b i d i t y  and. m o r b i d i t y  i n  p h a s e s ,  
e t c .  
I 
T h i s  example a l s o  i l l u s t r a t e s  t h a t  t h e  making o f  d e c i s i o n s  
i n  s e l e c t i n g  an  a c c e p t a b l e  p o l i c y  f o r  p r e v e n t i v e  s c r e e n i n g  i s  
done  n o t  o n l y  on t h e  b a s i s  o f  t h e  c o s t  c r i t e r i a  o f  p r e v e n t i v e  
a c t i v i t y .  Such a  s i t u a t i o n  i s  t y p i c a l  f o r  a  h e a l t h  c a r e  s y s t e m .  
WORKING WITH THE MODEL I 
The i n t e r a c t i o n  o f  t h e  d e c i s i o n  maker and t h e  model t a k e s  
p l a c e  i n  t h e  f o l l o w i n g  manner.  The d e c i s i o n  maker d e v e l o p s  
c e r t a i n  h y p o t h e s e s  a b o u t  t h e  f u t u r e  b e h a v i o r  of t h e  e n v i r o n m e n t ,  
a b o u t  l i m i t a t i o n s  on management, a b o u t  c e r t a i n  p a r a m e t e r s  o f  
t h e  HSDIM. These  may b e  h y p o t h e s e s  c o n c e r n i n g  t r e n d s  i n  b i r t h  
r a t e s ,  changes  i n  t h e  dynamics o f  r e g i s t e r e d  m o r b i d i t y  i n  con- 
n e c t i o n  with t h e  i n t r o d u c t i o n  o f  more e f f e c t i v e  d r u g s ,  t r e n d s  i n  
m o r b i d i t y  a n d  s o  o n .  The i n i t i a l  h y p o t h e s e s  a n d  t h e  management 
v a r i a n t s  s t u d i e c l  are  f o r m a l i z e d  a n d ,  t o g e t h e r  w i t h  o t h e r  i n i t i a l  
d a t a ,  a r e  p u t  i n t o  tile model .  The r e s u l t s  o f  c a l c u l a t i o n s  a r e  
v i s u a l i z e d  i n  t h e  . t e r m i n a l s :  l i n e - p r i n t e r ,  C R T ,  e t c . ,  i n  a c c o r -  
d a n c e  w i ~ h  t h e  r e q u i r e m e n t s  o f  t h e  consumer .  T h e s e  r e s u l t s  o f  
c a l c u l a t i o n s  fo rm t h e  m a t e r i a l  on t h e  b a s i s  o f  wh ich  t h e  d e c i s i o n  
maker  a d o p t s  t h e  d e c i s i o n s .  I n  t h e  fo rm  p r o p o s e d ,  t h e  model f o r  
d e c i s i o n  makina may b e  r e g a r d e d  a s  a n  i n s t r u m e n t  f o r  i n v e s t i -  
g a t i n g  v a r i o l l s  p o l i c i e s  i n  t h e  management o f  r e s o u r c e s  i n  a  
g i v e n  b r a n c h .  
TIIE DEVELOPFIEIJT DIRECTION 
A t  p r e s e n t  t h e  work on  t h e  d e v e l o p m e n t  o f  t h e  model i s  con-  
c e n t r a t e d  o n  t h e  d e t a i l e d  m a t h e m a t i c a l  d e s c r i p t i o n  o f  t h e  f o l -  
l o w i n g  s e c t o r s :  
( a )  Dynamics o f  p o p u l a t i o n  p r e v a l e n c e ,  w i t h  t h e  d i s e a s e s  
o f  t h e  f i r s t  t y p e  t a k e n  a s  a n  example ;  
( b )  Consumpt ion  o f  IlCS r e s o u r c e s  and  i t s  i n f l u e n c e  o n  t h e  
p r e v a l e n c e  d y n a m i c s .  S p e c i a l  a t t e n t i o n  i s  p a i d  t o  t h e  
c o n s u m p t i o n  o f  I:CS r e s o u r c e s  f o r  p r e v e n t i v e  care;  
( c )  E f f e c t s  o f  e x t e r n a l  s u b s y s t e m s  o n  m o r b i d i t y  r a t e .  
T h e  d e s c r i p t i o n  o f  t h e  p r e v a l e n c e  dynamics  i s  b a s e d  on t h e  
f o l l o w i n g  h y p o t h e s e s :  
H y p o t h e s i s  - 1 :  G e n e r a l l y ,  t h e  p r e v a l e n c e  dynamics  i n  t h e  
a b s e n c e  o f  IICS r e s o u r c e  c o n s u m p t i o n  i s  d e s c r i b e d  by  t h e  g r a p h :  
w h e r e  
H i s  t h e  h e a l t h y  c o n d i t i o n ;  
A ,  B ,  a n d  C are  c o r r e s p o n d i n g  p h a s e s  o f  a  d i s e a s e ;  and  
D i s  d e a t h .  
The t i n e  o f  a p a t i e n t ' s  s t a y  i n  a n y  c o n d i t i o n ,  
i s  c h a r a c t e r i z e d  by  random t i m e  T J' The mean v a l u e s  and  d i s -  
p e r s i o n s  o f  t h e  v a l u e  T are c o n s i d e r e d  as known a n d  s u f f i c i e n t l y  J 
w e l l  d e s c r i b i n g  t h e  d i s t r i b u t i c n  o f  T J ' 
H y p o t h e s i s  2:  The p r e v a l e n c e  dynamics ,  i n  t h e  c a s e  when 
HCS r e s o u r c e  consumpt ion  t a k e s  p l a c e ,  i s  d e s c r i b e d  by t h e  g r a p h :  
o r  by t h e  g r a p h :  
where R and RB a r e  t h e  r e m i s s i o n  c o n d i t i o n s  i n  t h e  p h a s e s  A A 
and  B ,  c o r r e s p o n d i n g l y .  The t i m e  a  p a t i e n t  s p e n d s  i n  e a c h  o f  
t h e  c o n d i t i o n s ,  
1 i s  d e t e r m i n e d  by a  random v a l u e  T ~ .  Mean v a l u e s  and  d i s p e r s i o n s  
1 I 
o f  T v a l u e s  a r e  a l s o  c o n s i d e r e d  a s  known and  s u f f i c i e n t l y  w e l l  J 
d e s c r i b i n g  t h e  d i s t r i b u t i o n .  
1 Note 1 :  Graphs T I ,  T 2 ,  and T 2  do  n o t  r e f l e c t  a g i n g  o f  
p o p u l a t i o n  and  r e q u i r e  f u r t h e r  d e t a i l i z a t i o n .  
Note 2: E f f e c t s  o f  r e s o u r c e  consumpt ion  on  t h e  p r e v a l e n c e  
dynamics  c o u l d  b e  und-ers tood  a s  f o l l o w s :  
- T r e a t m e n t  of  a  p a t i e n t  ( i . e .  h i s  consumpt ion  o f  
KCS r e s o u r c e s )  a l l o w s  f o r  h i s  t r a n s f e r  i n t o  a n  
e a s i e r  p h a s e  o f  a  d i s e a s e  ( f o r  i n s t a n c e ,  t h e  
t r a n s f e r  A + B ) .  T h i s  i s  i m p o s s i b l e  i f  HCS 
r e s o u r c e  consumpt ion  d o e s  n o t  t a k e  p l a c e .  
- T r e a t m e n t  o f  a  p a t i e n t  a l l o w s  f o r  a  change  i n  
t h e  l e n g t h  o f  h i s  s t a y  i n  any p o s s i b l e  p h a s e  o f  
a  d i s e a s e .  
Resea rch  on  t h e  dynamics  o f  p o p u l a t i o n  p r e v a l e n c e  r e q u i r e s  
knowledge o f  t h e  dynamics  o f  t h e  age - sex  s t r u c t u r e  o f  a  popu la -  
t i o n  i n  a  g i v e n  r e g i o n .  
P r e s e n t l y ,  t h e  deve lopment  o f  a  compu te r  method f o r  p ro-  
j e c t i n g  a  s ex -age  s t r u c t u r e  o f  a  p o p u l a t i o n  i s  o v e r .  M o r t a l i t y  
and b i r t h  r a t e  a r e  c o n s i d e r e d  a s  c o n s t a n t s  t h e r e .  I n  f u r t h e r  
deve lopment  o f  t h e  model ,  t h e  e f f e c t s  o f  HCS a c t i v i t y  on  t h e  
s a i d  para!, ; i . ters w i l l  b e  - taken  i n t o  a c c o u n t .  
CONCLUSION 
The v e r s i o n  o f  t h e  HSDIM p r e s e n t e d  h e r e  i s  o n l y  a  f i r s t  
s t e p  i n  t h e  moc;l?l deve lopmen t .  The s u b s e q u e n t  work p r e s u p p o s e s  : 
a )  t h e  de:ieiopment o f  e x t e r n a l  s u b s y s t e m s  and  c o n s i d e r a t i o n  
cf  t h e i r  i n f l u e n c e  on  t h e  deve lopment  o f  t h e  HCS; 
b )  tile model - l ing  of development  f o r  m e d i c a l  s c i e n c e s  w h i l e  
t a k i n g  i n t o  a c c o u n t  i t s  i n f l u e n c e  on  t h e  s t r u c t u r e  o f  
HCS r e s o u r c e s  and  t h e  e f f e c t i v e n e s s  o f  t r e a t m e n t  and 
p r e v e n t i v e  c a r e  s e r v i c e s ;  
c )  development  o f  HCS models  t a k i n g  i n t o  a c c o u n t  t h e  s p e c i f i c  
c h a r a c t e r  o f  d i s e a s z s  o f  Types I1 and  111; 
d! s t i l dy  o f  t h e  s t a b i l i t y  o f  t h e  HSDIP? and t h e  s o l v i n g  o f  
a s e r i e s  o f  p a r t i a l  m e t h o d o l o g i c a l  p rob lems  c o n n e c t e d  
w i t h  t h e  m o d e l ' s  l a r g e  d i m e n s i o n s ,  t h e  a b s e n c e  o f  needed  
d a t a ,  and  s o  o n .  
APPENDIX 1 
The f o l l o w i n g  n o t a t i o n  i s  used  i n  t h e  p r e s e n t  work: 
I - number o f  sex-aqe  g r o u p  ( s t r a t u m )  , I = 1 , 2 , 3 ;  
J - i n d e x  o f  p h a s e  o f  d i s e a s e  i n c i d e n c e ,  J E { A , B , c ) ;  
T  - c u r r e n t  ( p r e s e n t )  t i m e .  
I f  FUN i s  a  c e r t a i n  f u n c t i o n  o f  t h e  v a r i a b l e s  ( I , J , T ) ,  t h e n  t h e  
n o t a t i o n  F U N ( I , J , T )  everywhere  below s h o u l d  b e  u n d e r s t o o d  a s  t h e  
v a l u e  o f  FUN a t  t h e  moment i n  t i m e  T f o r  t h e  sex-age  g r o u p  I f o r  
s t a g e  J o f  t h e  d i s e a s e .  
S p e c i f i c a t i o n  o f  B a s i c  V a r i a b l e s  
H P ( I I T )  - number o f  h e a l t h y  i n d i v i d u a l s ;  
DSR ( I ,  T) - i n c i d e n c e  o f  d i s e a s e ;  
DHD(1,T) - number o f  p a t i e n t s  who have  r e c o v e r e d ;  
DR(I ,T)  - m o r t a l i t y ;  
TMOY - d i s c r e t e  t i m e  s t e p  i n  t h e  p o p u l a t i o n  p a r t  o f  
t h e  model ;  
TRHH ( I ,  1+1 ,T)  - number o f  h e a l t h y  i n d i v i d u a l s  t r a n s f e r r e d  from 
s t r a t u m  I t o  s t r a t u m  I + 1 ;  
L D ( I , J , T )  - number o f  l a t e n t  s i c k  i n d i v i d u a l s ;  
TRHL(IIJ=AIT) - number o f  p e o p l e  i n  t h e  i n i t i a l  s t a g e  o f  t h e  
d i s e a s e ;  
T R L I ( I , J , T )  - a d d i t i o n a l  number o f  s i c k  i n d i v i d u a l s  f rom t h e  
g r o u p  o f  l a t e n t  s i c k ,  t r a n s f e r r i n g  f rom o t h e r  
s t r a t a ;  
REAP(I,J,T) - number o f  l a t e n t  s i c k  i n d i v i d u a l s  t r a n s f e r r i n g  
t o  t h e  g r o u p  o f  i n d i v i d u a l s  r e v e a l e d  a s  b e i n g  
ill, i . e .  consuming HCS r e s o u r c e s ;  
T R L O ( I , J , T )  - number o f  l a t e n t  s i c k  i n d i v i d u a l s  h a v i n g  t r a n s -  
f e r r e d  i n t o  o t h e r  s t r a t a  i n  t h e  g r o u p  o f  l a t e n t  
s i c k  i n d i v i d u a l s ;  
RJ? ( I , J , T )  - number o f  r e v e a l e d  s i c k  i n d i v i d u a l s ,  i . e .  con- 
s u n i n g  HCS r e s o u r c e s  ; 
T R R I  ( I ,  J,T) - add i t iona .1  number o f  i n d i v i d u a l s  from t h e  g roup  
of  r e v e a l e d  s i c k ,  h a v i n g  t r a n s f e r r e d  from o t h e r  
s t r a t a ;  
T R P O ( I , J , T )  - number o f  r e v e a l e d  sick i n d i v i d u a l s  h a v i n g  t r a n s -  
f e r r e d  t o  o t h e r  s t r a t a  w i t h i n  t h e  g roup  o f  re- 
v e a l e d  s i c k  i n d i v i d u a l s ;  
EiPS (T) - g e n e r a l  number o f  i n d i v i d u a l s  s u b j e c t  t o  s c r e e n i n g  
e x a m i n a t i o n  ; 
1,DS (T) - g e n e r a l  number o f  l a t e n t  s i c k  i n d i v i d u a l s ;  
CDL ( T )  - " c o n c e n t r a t i o n "  o f  l a t e n t  s i c k  i n d i v i d u a l s ;  
A T ( I , J , T )  - number o f  l a t e n t  s i c k  i n d i v i d u a l s  who r e q u e s t  
m e d i c a l  a s s i s t a n c e  on t h e i r  own; 
A A ( I I J l l I ' )  - number o f  s i c k  i n d i v i d u a l s  who have  r e q u e s t e d  
m e d i c a l  a s s i s t a n c e ;  
SD(1 ,  J I r I ' )  - number o f  p a t i e n t s  r e v e a l e d  by s c r e e n i n g ;  
GPS (T) - g e n e r a l  p r o d u c t i v i t y  o f  s c r e e n i n g  r e s o u r c e s ;  
SDH (T)  - physician-manpower r e s o u r c e s  o f  s c r e e n i n g  
a c t i v i t i e s ;  
TDH ( ' 7 )  - physician-manpower r e s o u r c e s  o f  t r e a t m e n t  
a c t i v i t i e s :  
KPS ( J , T )  - q e n e r a l  ndrrher o f  r e v e a l e d  s i c k  i n d i v i d u a l s  
TDHT (J, 1') - physician-manpower r e s o u r c e s  c o r r e s p o n d i n g  t o  
s t a g e  J ;  
ADR(J,T) - g e n e r a l  p h y s i c i a n  work l o a d  ( a s  s t a n d a r d  number 
o f  p a t i e n t s )  o f  physician-manpower r e s o u r c e s ,  
i n v o l v e d  i n  t r e a t m e n t  a c t i v i t i e s ;  
REA(J,T) - u n u t i l i z e d  work l o a d  o f  physician-manpower 
r e s o u r c e s ;  
AAS ( J , T )  - number o f  l a t e n t  s i c k  i n d i v i d u a l s  who have  
r e q u e s t e d  m e d i c a l  a s s i s t a n c e ;  
REAP(J,T) - number o f  l a t e n t  s i c k  i n d i v i d u a l s  h a v i n g  t r a n s -  
f e r r e d  i n t o  t h e  c a t e g o r y  o f  r e v e a l e d  p a t i e n t s ;  
GDH ( T )  - gener.31 physician-manpower r e s o u r c e s .  
(2) LD(I,J,T+l) = LD(I,J,T) + TRHL(I,J,T) + TRLI (I,J,T) 
- LD(I,J,T) * DR(1,T) * TMOY - REAP(I,J,T) 
- TRLO(I,J,T) 
(3) RP(I,J,T+l) = RP(I,J,T) + REAP(I,J,T) + TRRI(I,J,T) 
- RP(IIJIT) * DR(1,T) * TMOY - DHD(I,J,T) 
- TRRO(I,J,T) 
( 6 )  cDL(T) = LDS (T)/{LDS (T) + HPS (T) } 
(9) SD(I,J,T) = GRS(T) * CDL(T) * TMOY * ASD(I,J) 
( 10) GPS (T) = SNOR (T) * ARS (T) + SNOD (T) * SDII (T) 
( 1 4 )  G D H ( T )  = D O C ( T )  * T S D ( T )  * TMOH 
( 2 1 )  ARS ( T )  =  DELAY^ ( Y R S , D S R )  
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